EPA's Technology Innovation Strategy
The Honorable Carol M. Browner, EPA Administrator
Need for Better, Less Costly Technology
Twenty-five years ago, widespread public concern gave rise to the most advanced system of environmental regulation in the world, including the creation of the U.S. Environmental Protection Agency. In what is really a very short history, we have made tremendous progress.
We have succeeded in solving the most obvious problems. We no longer have rivers catching on fire. Our skies are cleaner.
Our surface waters are less contaminated by untreated sewage and industrial wastewater.
U.S. environmental expertise and technology have come into demand throughout the world.
Nothing is more essential for our nation's environmental goals than developing and deploying new technologies for environmental protection. Today's technologies are not adequate to solve many of today's environmental problems, let alone the challenges that lie ahead.
To protect public health and our environment both in the United States and abroad, we need new technologies that work better and cost less.
EPA has embarked on an ambitious program to launch a new era of technology in environmental protection. This program is laid out in EPA's Technology Innovation Strategy. Global demand for environmental technologies is currently estimated at roughly $300 billion a year and projected to rise steeply over the coming decade.
To help the country maintain a strong and competitive environmental industry, the Clinton Administration aims to nurture environmental innovation. Our principal competitors, Germany and Japan, are positioned to capture leading shares of the global market by supporting innovation in environmental technology. To avoid being left behind, the United States must strengthen its presence in the market in four ways.
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Changing EPA to Promote Innovation
The U.S. market for environmental goods and services is largely determined by our environmental laws and regulations. American businesses spend over $130 billion a year to comply with federal environmental mandates.
Yet, our laws and regulations often end up hindering innovation by making it difficult to try out new techniques.
These barriers to innovation take many forms. For example, most environmental standards serve to "lock in" the use of existing technologies. Companies receive neither rewards for trying something new nor protection against failure. Even where companies are legally permitted to use alternative methods to meet a standard, they are usually unwilling to risk noncompliance or unproven technology. Traditionally, enforcement personnel have been reluctant to grant exceptions for businesses that make bona fide attempts to comply using an innovative approach but need extra time or fall short of the regulatory mark. As a result, the same old technologies are used over and over, year after year, freezing out newer and more effective options.
Another problem is the unpredictable nature of the regulatory development process.
Often, the promulgation of a new environmental standard takes many years. Only at the end of that long process do companies find out what will be required of them. At that point, they may be required to meet the new standards within a relatively short period of time. Yet the development cycle for new technologies can be 10 years or longer. Even when technology developers begin their efforts well before a new standard is promulgated, the lack of predictability in the rule-making process makes it hard for them to obtain financing. They run the risk of producing an innovation that either over-or under-complies with the final requirement.
Many barriers that inhibit innovation are rooted in environmental laws. The Clinton Administration has proposed changes in several key laws that maintain a firm commitment to environmental goals while incorporating new opportunities for innovation. In addition, EPA is striving to make our regulatory programs more friendly towards innovative technologies. In so doing, we hope to lead other federal, state, and local agencies to reduce barriers to innovation.
Among the measures we are considering are Increasing the predictability of our regulatory process through negotiated rule making and other regulatory development "processes that broaden the participation of affected parties.
Widening the range of technologies accepted for compliance.
Using economic incentives to reward businesses that use technology not just to meet the minimum standards, but to exceed those standards.
Streamlining our permit processes and our environmental practices to promote innovative technologies.
EPA's new Common Sense Initiative, launched in July 1994, will help us carry out these objectives. The initiative is a fundamentally different system of environmental protection that replaces the pollutantby-pollutant approach of the past with an industryby-industry approach for the future.
Through the initiative, we will analyze thoroughly the overall environmental impact of six pilot industries.
For each industry, we will do a comprehensive analysis of the successes, the failures, the problems, the achievements, and the unintended consequences of regulation.
The six pilot industries that will be the focus of the first phase of the Common Sense Initiative are the auto industry, the iron and steel industry, the electronics and computer industry, the metal plating and finishing industry, the printing industry, and the oil refining industry.
Helping Developers and Users
Inventors of new environmental technologies often lack the information, skills, tools, and facilities required to move their technology from the garage to the global marketplace. At the same time, firms that could use these new technologies may not know enough to be able to evaluate them. Small businesses, in particular, are at a disadvantage on both counts.
Nor are financial institutions, regulators, or the public consistently able to make informed decisions about innovative technologies.
V.VA is well positioned to help address these problems. We can provide information, skills, tools, testing protocols, and facilities to make the environmental technology market function more smoothly and efficiently.
Funding Invention
EPA's unique vantage point allows us to identify emerging technologies which can fill a present or anticipated environmental need. In such cases, strategically targeted EPA funding for promising new technologies can boost the chances for success.
Distributing Help
, By strengthening institutions that compile and disseminate information on innovative technologies, EPA can broaden the choices available to potential customers and help create a more informed domestic and international market in which American developers can sell their high-quality products.
EPA can work with public and private organizations to spread information on company needs and what available technologies. EPA can catalyze demand by promoting federal purchases of innovative technologies. And we can provide technical assistance and training to strengthen environmental infrastructures abroad, thereby expanding the global demand for innovative environmental technologies. In all that we do, we need to work with businesses, regulators, environmental groups, and the public to ensure that our policies work across this country.
We also need to be sure to promote technologies that prevent pollution. To date, most environmental technologies have been designed to control pollution once it has already occurred. Increasingly, the best environmental solutions are found to involve changes in the production process, feedstocks, and product design, so as to eliminate pollution before it is generated.
EPA is serious about fostering environmental innovation in every way possible. Over the next few years, we aim to improve the regulatory climate for technology innovation, increase the capacity of innovators to provide new and better environmental solutions, forge new partnerships between government and the private sector, and help new American technologies compete in markets throughout the world. Cost has at times taken a back seat to these seemingly undefinable criteria and concerns. The initial $1.6 billion Superfund estimate has escalated to over $100 billion for cleanup of all contaminated US sites. There are no obvious tried approaches since hazardous site remediation engineering is in its infancy; compounded with multiple conditions at radically differing sites, the technical solutions demand innovation. The environmental cleanup challenge then becomes one of balancing untested technology against undefined criteria within tight fundable cost limits.
In 1988, OMB Circular A-131 recognized that a tool already exists which can expedite both the development and analysis of new technology in the most cost-effective manner. OMB A-131 mandated the use of VE for all federal programs, and the results are increasingly manifested in environmental restoration work.
VE is well known to the manufacturing and construction industry, and its application is just as precise and powerful in the environmental arenas. All the lead federal and state agencies, as well as many private engineering and remediation firms, have embraced the tool.
Programs
The Corps of Engineers supports EPA as the lead agency for many of the Superfund sites, and accordingly they have developed a joint VE program. The Corps has value engineers at all 39 Districts and 14 Division Offices and a traveling VE study team, all under the general coordination of Ted Dahlberg at Corps headquarters. The Corps VE effort is also applied in the military environmental program, which is now larger than the military construction program.
The US Navy has had an active value engineering program for its military construction since the early 1970's. Accrued value engineering savings are in the billions of dollars. These projects include waste treatment plants, water treatment plants, sewage treatment plants, oil spill prevention facilities, landfill, hazardous waste treatment, and storage facilities.
Defense environmental restoration projects under the Comprehensive Environmental Response Compensation and Liability Act and Superfund Act are likewise included in the Navy VE program. In fiscal year 1994, value engineering studies will be completed on over $253 million dollars of proposed environmental projects, on which the Navy expects returns ranging from 18:1 to 50:1. The Navy Superfund projects will be included in the FY95 program.
The Department of Energy operates some of the most contaminated sites, including Rocky Flats, Oak Ridge, Idaho Falls, Fernald, and Hanford. At these VALUE WORLD, Volume XVIII Number 3, October 1995 sites the primary mission has evolved from research and production of nuclear energy to environmental research and remediation. DoE has embraced VE wholeheartedly, but has allowed the field offices flexibility in conducting their program. Many of the sites are operated by private prime contractors and subcontractors who have varying approaches to managing their VE programs.
At Idaho Falls, Idaho National Engineering Laboratories and Lockheed Idaho Technical (formerly E.G. & G.) operate the VE program for the entire complex. Over the past 10 years they have developed an internal program in which they have provided VE training for over 2,500 employees, and 1 facilitate their VE studies using their seven in-house certified value specialists (CVS), certified by the Society of American Value Engineers. Their program not only addresses environmental restoration, but also construction, and recently R&D. Using the interdisciplinary team approach, their facilitators apply the full range of analysis techniques, such as statistical process control, bench marking, and transition management within the VE work plan. With their team skills, facilitators are often asked to facilitate other management processes such as partnering, quality circles, and so on. Most of the funding for studies comes from specific project allocations, so the VE group also markets staff to outside agencies.
The VE program at Hanford is perhaps the most farreaching. Under the direction of Sharad Desai with the prime contractor at Hanford, VE has been routinely applied to operations, maintenance, construction, procurement, and administrative activities. VE results made packaging and shipping of hazardous materials more functional, consistent and cost-effective. Another VE team identified four recommendations to reduce the hiring cycle time by 43 percent. The VE process has been utilized to develop and establish function-oriented organizations. Well-drilling operations have been improved through VE to reduce drilling time and yield a 300 to 1 benefit-cost ratio. In all of these areas the VE objective has been to expedite the environmental restoration mission in the most costeffective manner, while meeting prioritized criteria.
The Hanford studies all use trained CVS's with multidisciplined teams representing DOE, EPA, and the applicable contractors.
Hanford Reactor Water Clarity VE Study
The Hanford Reactor Water Clarity Study illustrates how prime contractor uses VE as in decision-making for smaller pieces of the project. Specific tasks reviewed have critical schedule requirements to fit within the overall Hanford Remediation Project. The three-day study used a traditional, rigorous VE work plan (see Figures 1 and 2 ).
.A reactor abandoned ten years ago had been filled with water to contain radiation. The reactor is slated to be dismantled and the containment material must be removed. The VE study was tasked to recommend ways for clarifying the water so that the materials within the reactor would become visible enough for removal.
For this study, functional analysis was instrumental in defining and leading the team to explore a higher order function to the left of the scope line originally given to the VE team. Ultimately the most valuable proposals focused on the higher order function, "Increase Visibility", rather than the function "Clarify Water", since it was determined that the degree of clarity needed to see through the sediment would be extremely difficult and expensive to achieve. During the speculative phase of the study, the team focused on the function, "Increase visibility", rather than "Clarify Water", and suggested other means such as remote photography, chemical treatment, and barriers to improve localized visibility.
The second factor which shaped the study was the importance of criteria analysis. Schedule was ranked much higher than cost, and became the primary determinant of accepted options. The importance of applying ranked criteria to the options led the team to explore various procurement options that could expedite implementation.
Even though cost ranked considerably lower than schedule for this study, the VE team did explore costs of various operations, leading them to propose a smaller self-contained nuclear basin filtration system than originally considered. This one proposal produced savings of more than $1 million over a three-year period. 
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Hanford Historical and Cultural Resource Preservation
Once again, the prime contractor at Hanford used value analysis as a management and decisionmaking tool to analyze the complex and politically-sensitive process of managing the many historically and archaeologically significant cultural sites and buildings effected by on-going Hanford remediation work (viz., the illustration on the front cover).
The VE process was used not only to build consensus amongst high profile players with differing approaches, but it was also used to expedite management plans for dealing with significant cultural resources while maintaining the overall Hanford cleanup mission.
The functional analysis better defined the requirements of the National Historic Preservation Act, Section 106 Process, the interface between National, State and local regulatory bodies, the local tribal governments, and additional interested parties. The study team created alternatives for areas such as communications, consensusbuilding, funding, as well as more specific methods for surveying, cataloging, and mitigating negative effects on the cultural resources. In this project, many going into the study felt it was impossible to weigh these issues against costs, but the organized process of defining cost and worth for basic functions often forces an improved understanding of the cost implications of various approaches.
Bartolo Well Field Groundwater Study
The Bartolo Well Field consists of four potable water wells providing drinking water to 17,000 San Gabriel Valley residential connections. These wells were contaminated by volatile organic contaminates upstream from the groundwater basin outlet. The original concept was to intercept these contaminates prior to their reaching this basin.
The original mediation included a treatment system of forced draft air stripping towers off with gas carbon treatment. Since this project was expected to be operated for over 30 years, life cycle costs including carbon replacement, and electrical utilities were anticipated to far exceed the initial costs, even though the initial costs were significant. The Bartolo VE team included representatives from the Environmental Protection Agency, Corps of Engineers, and Energy Administration, under the direction of the Corps' VE team. The VE study produced more than 70 alternatives, from relocating the project, to changing the ground water remediation methods. These 70 alternatives were reduced to 15 specific proposals meriting further investigation and nine were developed to concept level design and estimating.
The accepted value engineering proposals reduced the initial $7.8 million first cost to $6.7 million and the 30-year operating maintenance costs from $19.6 million to $18.8 million. The proposals specifically recommended changes to the number of well heads, changes to piping layouts and specifications, and changes to the funding and bidding configuration.
Conclusion
When dealing with hazardous materials remediation, much attention must be paid to detailed process in order to assure safety and regulatory compliance. VE is particularly suited to this process review because it quickly prioritizes the many tasks and identifies value imbalance due to the duplication of functional tasks, and to the overlapping regulatory requirements.
As an analysis tool, VE is outstanding for prioritizing criteria and understanding the cost implications of these often sensitive political and subjective criteria. VE is a powerful creative tool, well-fitted to environmental remediation design. There are few known and standardized approaches to environmental remediation, and Vli can contribute to the search for alternative solutions.
Although first cost is seldom the highest criteria in environmental remediation, Vli uses cost to organize the process, and in so doing often alerts the customer to unexpected nrens of extremely high, unacceptable costs, The passion of the participants. Everybody in attendance was excited about the discussion, debate and future outlook on sustainability. Everybody soaked up every detail of the presentations and poured their enthusiasm into the workshops.
Im
The deja vu quality of the event. The conference transported me back to the University of Illinois in the 70's surrounded by environmental activists espousing virtues about Mother Earth with which I still (largely) agree. Some of these same "virtues" or technologies were showcased at the conference and sadly, had not progressed in over two decades. This reflects my experience. In the past twenty years, I have had limited success effectively integrating these concepts into the "real world."
The lack of value specialists in attendance. Despite the name "Building with Value," I learned that I was the only representative of the value methodology in attendance. On the first day, I asked the entire group of attendees whether anyone was a value specialist or a member of SAVE. Amidst the blank stares there was only one person who had served on a value study in the past.
Based on my impressions, I have concluded that there is a tremendous opportunity for practitioners of the value methodology, especially those primarily focused on the construction industry. The practitioners of the sustainability movement offer a valuable resource for new ideas that expand the envelope of traditional alternatives for increasing a building's value. Our collaboration has the potential to revolutionize our practices as well as the construction industry.
Building with Value Is Sustainable
As an introduction to the concept of sustainability, definitions are appropriate. Sustainable construction meets present needs without compromising the future with residual impacts. It is best accomplished by incorporating resource efficiency throughout all phases of developing the built-environment including planning, design, construction, operation and demolition. Resource-efficient construction focuses on saving resources: raw materials, energy, water, land, air, time and money.
The Sustainable Building Collaborative describes the characteristics (and clearly, the advantages ) of resource-efficient construction: Value experts are no strangers to these characteristics. They regularly appear in our studies as criteria or components of our FAST diagram search for basic function. In fact, they may be considered higher order functions if we look at current trends in the areas of technology and economics.
Technological Context
In the words of French poet and philosopher Paul Valery, "The future isn't what it used to be." The technological context in which we find ourselves has given us the ability to produce almost any kind of product from any type of matter. Technology is no longer the barrier to creativity. The good news is.* that the cost of technology continues to go down.
Today we are learning how to extract useful work from previously overlooked resources: sunlight, wind power, byproducts of plant material used in construction materials, heat generated from the soil and ground water. Wood waste is being used to create engineered wood that has superior qualities to the original product. Wind generated electricity is as cheap today as conventional power and photovoltaics have dropped to only five times the cost of conventional electricity (compared with 100:1 in 1975).
There are numerous examples of products developed as a result of technological advances and simple ingenuity. Consider sixth grader Molly DeGezelle who, as part of a science contest in 1991, tried to develop building material out of recycled products. She ground up newspapers, added glue and baked the concoction. The consistency was not quite right. On the suggestion of her father, a building contractor, she microwaved the mixture which resulted in a product with some interesting properties.
Following further development of Molly's idea, a composites manufacturer in Mankato, Minnesota is now manufacturing two by four sheets of a material that looks like granite but can be sawed or nailed. The product is used as a hardwood substitute for furniture and casework and is substantially cheaper than conventional materials. The creativity phase of any value study provides the perfect venue for the genesis of such an idea.
Economic Context
To achieve sustainable communities, two common strategics are: improving efficiency and reusing/recycling materials and products. Each of these strategics significantly impacts the economics of a construction project. By improving efficiency we can reduce consumption and its associated cost. With careful planning and commitment, we can expect to reduce energy consumption by as much as 50 percent. We can also reduce the amount of materials used for a specific purpose by as much as 75 percent, depending on the product.
The sustainable movement focuses on extracting value from the enormous quantity of waste products: over one billion tons of solid waste generated each year. It is estimated that over 40 percent of the waste stream to landfills consists of construction, demolition and land clearing debris. Estimates show that the construction industry recycles only about 1 percent of its waste. As the national average cost of waste disposal continues to rise from $10 per ton ten years ago to $50 per ton today, construction managers must consider solutions that cut disposal costs. Recycling programs and architectural designs that reduce waste are effective recommendations for any value study.
In casual discussions with my value analysis colleagues, it appears that too much attention has been paid to a myopic view of the "bottom line," perhaps preventing adoption of the technologies and strategies promoted by the sustainability movement. We must remember that the issue is value not cost. Although we have become fairly competent with life cycle costing, we seldom consider other cost dynamics such as: the embodied energy cost in developing products, materials or systems used in constructing the built-environment; disposal costs associated with material that has exceeded its useful life; and societal cost, which extends before, throughout and beyond the traditional limits of our analysis.
Opportunity
Cultural reasons help to explain the lack of a stronger connection between value analysis and sustainability. The reaction to sustainability is similar to other shifts from the current paradigm: that it represents Utopian thinking, that it is not practical, that the products are unreliable and that the building will look "weird." Some of these reactions are not entirely unfounded. In fact, the reactions are very similar to attitudes of the design and construction industry toward value analysis.
Consider the issue of reliability. One weakness associated with the products and systems proposed by the sustainability movement is that they have not withstood the test of time. Yet. here arc many new mainstream products launched every year that are considered worthy of inclusion in value studies. The perceived difference between these two products and our selection of one over another has more to do with marketing than a proven track record. Information about emerging technologies from the sustainable arenas is often times anecdotal. Information about new products from the mainstream has the benefit of glossy inserts in Sweets and highly paid sales people.
Because sustainable technologies have limited marketing budgets, it is difficult to learn about available products and evaluate their features and reliability. The transfer of this valuable information is possible, however, through a conscious collaboration between value specialists and professionals allied with the sustainability movement.
Action Plan
Education can build bridges between our groups. There are numerous resources available to inform the value engineering community about technological advances in materials and methods that support the cause of sustainability (see attached list). Concurrently, the design community can learn about value methodology and better understand not only the process, but also the tremendous opportunity to seed the development of new technologies (as a result of the creativity phase).
Inviting environmental design professionals to participate in an appropriate value study can prove valuable. Because cost issues are so paramount to sustainability, projects that represent strong commitments to environmental issues may represent a unique market for value analysis, especially in the private sector.
Inform project owners about the concept of sustainability and how it can positively affect their bottom line. Additionally, the owner needs to clearly understand that such choices may produce intangible benefits which may be of even greater value:
good will, public relations, employee satisfaction and the like.
Forge alliances between professional associations. For example, the Seattle Chapter #078 has begun to forge an alliance with the Seattle Environmental Professional Interest Area (SEPIA) of the local chapter of the American Institute of Architects. Last yenr wc loured Ihc Model Conservation Home built by Ihc King County Solid Waste Division where we »•?•*? mlrodiKcd lo n vnricly of new products. We lollowt-d wild tt itMiil meeting unci round (able discussion about the project. This year we will visit EnviResources, a sustainable product showroom featuring environmentally-sound building products.
Test the boundaries and benefits of these joint collaborations. The Seattle Chapter of SAVE is committed to providing pro bono value studies on projects built by Habitat for Humanity, an international non-profit organization providing housing for needy people. Establishing sustainable criteria for these projects and including SEPIA on the project team will allow us to work together and test the mutual benefits of our joint collaboration.
Summary
Sustainable construction is based ...on two assumptions. First, there is a threshold of resource consumption beyond which the environment cannot sustain.
Secondly, environmentally conscious choices can remove or reduce the threat of reaching or going beyond that barrier. These choices must be made in consideration of the context in which they are placed. Consequently, sustainable construction becomes the ideal.
However, resource-efficient construction is achievable and clearly represents opportunities to increase value, often times with the added benefit of reducing cost. Because the built-environment makes up such a large part of energy and resource use, steps taken to redefine conventional practices in the context of sustainability can yield significant results. Incorporating sustainability into value methodology may prove to be the catalyst needed to move both of these practices further into the mainstream. 
Robert Black
Traditionally, corporate owners have valued their facilities as the initial value of their capital investments and a given building's ability to support the direct labor of their people at the moment of occupancy. In recent years, the dynamics of global change and an increased awareness of environmental issues has caused these same owners to begin to have broadened perspective. Even the concept of "ownership" is being reevaluated in light of these new conditions. In this writing, I attempt to portray the effects of these new parameters on the Environmental Research Institute of Michigan (ERIM) and the work I do in its Department of Facility Planning Design and Construction.
ERIM is a high-technology, private, non-profit research organization, with its world headquarters in Ann Arbor, Michigan, specializing in the development of innovative sensor and image processing technologies with applications in a variety of disciplines from engineering, to earth sciences, to medical, to manufacturing and robotics. ERIM's facilities encompass some 500,000 square feet and range in age from 5 to 35 years. Typically considered by management as a "poor step-child" to core-research work ("real value"), these facilities have been shaped by a low-initial-cost, make-do attitude over 25 years.
It has been only in the past 5 to 7 years that the value of facilities has grown beyond their functional aspects to encompass the shaping of staff attitudes and to creating a solid real estate base for the economic stability of the company. This new awareness, has helped to broaden the corporate focus into three significant areas of value:
Perception and Attitude of Physical Workplace
While difficult to quantify in terms of dollars, the quality of the research staff and their ability to produce effectively has a direct correlation to their attitude about where they work. Normally this is not counted in the value equation, but it can become a serious issue where productivity lags and overhead rnlc soar*. I hiving reliable mechanical and electrical nytlcim tt* well ns n clean and well-maintained work environment are basic necessities to attract and maintain high quality staff.
Value analysis has guided decisions effecting both Institute staff and tenants in ERIM buildings. A VE study during a $2.1 million expansion project for the tenant, Philips Display Components, identified potential savings of $247 thousand, which were rolled back into the project for higher quality systems and finishes and an increased project scope to better serve the building users. Another project, an 80,000 square feet renovation of an existing ERIM building included a re-engineering of the building's 25 year old mechanical system. A baseline scenario to re-fit existing equipment (lowest initial cost) was compared to two alternative HVAC options using a value analysis with a 10 percent discount rate and a 25 year life-cycle. The alternate scenarios yielded a direct payback period of 9 and 10 years. Unfortunately, with the limited initial bond budget and a "management payback window" of 3-5 years, the alternates were not selected. The as-built baseline scenario precluded optimum control of temperature and humidity conditions in the building, resulting in seasonal negative impacts to building users. Costs for staff productivity and maintenance labor time "lost" were not considered factors in the value analysis. With increasing awareness of these impacts as well as more stringent OSHA regulations for indoor air quality, more value is being assigned to the people resource of the company on subsequent projects.
Strategic Partnershipsjbr Leverage
While a company as a single entity can value its worth independently, ERIM is also now learning that its value can also be leveraged and enhanced through collaborations and partnerships with other local high-technology corporations, and institutions such as the University of Michigan, with its large research endowments. With greater competition for fewer national research dollars, a factor must be assigned for the value of these local linkages, especially given the wealth of technology resources available in the Greater Ann Arbor Area. ERIM's company value is being increased through projects which could not be gotten on ERIM's expertise alone. For example, government funding has supported a joint venture between the University of Michigan, ERIM and Perception to develop new imaging/sensor systems for the Intelligent Vehicle Highway Program. Other research funders now require that proposals include collaborations and methods to increase delivery of products to a broader network in the ultimate market of users. Such strategic partnerships are a necessary value component in an expanded economic equation.
Environmental Response
Like a wave that has swept through society since the 60's, the environmental movement has begun to take , its rightful place as a critical component in the value analysis process, alongside traditional value mainstays of cost and quality. Environmental laws, from meticulous OSHA regulations to sanctions for non-compliance have forced companies to include this as a necessary value component. At ERIM, specially-trained staff have been dedicated to understand the myriad laws, implement staff training procedures and oversee changes in operations and maintenance activities just to arrive at minimal compliance. The exact value of this increasing overhead cost has yet to be quantified, but it is clearly seen as necessary in today's system of accounting.
A more positive approach to the environmental value factor has come about through a change in consciousness of both management and staff. A new CEO, appointed in January, clearly values and promotes more environmentally sensitive activities and policies. Company-wide efforts at recycling are being expanded. The Facilities Planning Department is exploring more environmentally-sensitive land planning and development and also the use of materials made from recycled and by-product resources for renovation and new building projects. In-house electrical staff, with public utility partner, Detroit Edison, have implemented EPA's Greenlights Program in two-thirds of the facilities, resulting in energy savings in just two-years of $76,000. A simple value analysis, demonstrating an 18 month payback on initial investment was sufficient to convince Management of the economic benefit to the company. A similar process is being studied to improve the energy efficiency of other electric iknifv from computers to fans and motors
IIII<MIL||IOII| ihc futilities
One of the more interesting new approaches to value management at ERIM has to do with an effort which combines all three of the above factors in a neighborhood collaborative project to understand our collective impact on the natural watershed system. This project is centered around Miller's Creek watershed to the Huron River. In its Sites Framework Planning Study encompassing nearly 100 acres on three sites, ERIM became aware of the value of the watershed to the whole river system and the impact of local site development and maintenance practices on the major source of drinking water for the area. Also, there existed the potential to demonstrate an environmental ethic on our own properties, which was seen as valuable to marketing efforts with certain program sponsors, and which could also have a direct impact on the corporate bottom line by reducing O&M costs for sites maintenance.
While we might be able to implement such practices on our own properties, ERIM cannot, without partnerships of upstream and downstream neighbors, cause a significant improvement to the existing conditions overall and would still be subject to the impact of harmful practices of those upstream. Recognizing a unique opportunity with such neighbors as Federal agencies, world-class companies, schools, and organized adjacent residential neighborhoods (see Figure 1 ), meetings were held to discuss possibilities of forming community partnerships to educate ourselves about sound water management practices. With the help of the County Drain Commission, the Huron River Watershed Council, and the City Planning and Utilities Departments, a model planning area is being created which will gradually improve the health of the creek and the river, and help to preserve the quality and real estate value of the neighborhood.
Such a model of collaborative effort for mutual benefit can be an example of how to restore a right balance between business and individual needs and environmental concerns. An expanded perspective of "value" and continuing efforts to quantify these new factors through a sound value analysis process will have broad-reaching positive impacts in business and for the environment, Value Brief
NTIS Catalog of Products and Services
The National Technical information Service catalog of products is a worthwhile addition to value practitioner libraries and what's more, it is free. The catalog lists 88 pages of data products and services that you can obtain from NTIS at relatively low cost. 
Introduction
Increasingly stringent environmental performance standards are leading to the need for organizations lo examine their potential exposure to risk implications from environmental aspects of their operations. Risk can be defined as the statistical probability of some adverse event occurring to a particular target, which may be an ecosystem, a mnn-made structure or a (group of) human(s).
This paper deals in a broad sense with the identification of inherent environmental risks, prioritization of their significance and assessment of Ihc related environmental management response systems in place within the organization.
The following describes a comprehensive, workshop approach to determine which areas within a large, diverse organization, should be examined more closely. This is achieved through assessment of the following:
Extent and priority of primary environmental risk areas.
Degree to which each civic operating area impacts each of those risk areas.
Environmental management systems that are in place to respond to those risks. 
Risk Identification
The procedure for identifying and prioritizing categories of potential risk for selected civic operating areas is based on a weighted ranking system. Risks may relate to health, ecology, civic liabilities, penalties for non-compliance and potential cleanup costs. Each type of risk is distinct and therefore can be assessed separately, requiring different types of technical and managerial responses.
Risk is typically quantified in terms of the probability of the occurrence and consequences of adverse events.
Assessment
Step 1: Examination of Risk Areas Table 1 defines the categories and the relative weighting criteria by which primary environmental risk areas are evaluated on a weighted ranking system. 
Prioritization of Risk Areas Aiirnimcnt Step 2: Categorizing of Risk Areas und Determining Responsibility
Wherever possible for each of the primary environmental issue areas examined, specific «l*s|MMinenlH rind branches arc designated as having primary responsibility or control, a degree of impact from operations, or major impact from operations
Assessment of Environmental Response Environmental Management Systems Rating
The procedure for assessing department and branch environmental management systems (EMS) follows closely the self-assessment program introduced by Global Environmental Management Initiative (GEMI). GEMI is an environmental selfassessment program developed in 1992 by 21 major US companies.
This procedure is used to examine organizational values and environmental management systems in use for the already identified high risk operational areas, for the categories of systems and procedures, planning, monitoring and reporting, implementation and education, managerial priority, and other predominantly cost-related issues. Each of these categories is broken down further into subcategories for closer examination.
The EMS assessment addresses the management approach for the business attributes in Table 2 . 
Level 2
Basic monitoring and response systems developed and implemented.
Level 2.5
Basic monitoring and response systems and environmental specialists utilized on an as needed basis by operational personnel.
Level 3
Formal environmental planning and accountability systems integrated into regular business function. Line personnel trained to routinely consider environmental implications as part of operational decision-making.
Level 3.5
Some measurement of results targets and feedback into planning system as part of the continuous improvement process.
Level 4
Total quality approach applied through integrated environmental management systems and continuous re-evaluation for improve.
Combined Assessment Assessment Step 3: Prioritizing for Action
Each operational area is evaluated against the GEMI environmental business principles for significance to the organization and management response systems and practices in place. The ratings are 1 for low, 2 for medium, 3 for high, and 4 for very high.
The rated management response systems are grouped and prioritized for future action. Table 4 gives the grouping and prioritization.
Notes on Output from a Trial Assessment
It should be noted that performance to Level 4 is not the objective for environmental management to attain. The level of risk is the main driver for determining recommended priorities for action.
The highest corporate risk is due principally to both the high costs and health impacts of dealing with any potential incidents that could conceivably occur. Another high risk area is where a single coordinating area has not been clearly identified as being responsible for a particular risk activity that is carried out by several other operating areas.
The highest ranked risk areas do not necessarily constitute the highest priorities for action. This depends on the related management systems in place. 
Category 2B
Medium significance activities, medium management response, basic environmental systems developed and implemented.
Category IC
Lower significance activities, low management response, basic compliance with environmental regulations.
Activity Areas with Reasonable Application Of Environmental Managerial Priority Activity Areas with Over Application of Environmental Managerial Priority
Typically, the higher rated environmental management systems are in place in operational areas where there is direct control over the higher rated risk areas. Conversely, the lowest rated environmental management responses arc in operational areas where environmental training and legislative compliance reporting have not yet been required to be normal business functions.
A general theme was the need for assigning higher management priority to accountability, control, awareness, and training. Closer examination is required for employee education, compliance and reporting, and customer advice, facilities and operations, contractors and suppliers, and transfer of technology.
Increasing Value Through Design for Sustainability An Environmentally Responsible Approach to Site and Facilities Design
John Flynn, AIA, and Jeffrey Hausman, AIA An environmentally responsible approach to site and facilities design requires commitment to a process. Clients need to commit to the concept and project teams must be willing to challenge existing paradigms. Project teams must investigate wide ranges of information, define objectives for the project, and be willing to take risks.
This article discusses the principles that were applied to the design of a headquarters and research building for the Consortium for International Earth Science Information Network (CIESIN). CIESIN was established in 1989 as a private, non-profit organization dedicated to furthering the interdisciplinary study of global environmental change. Its mission is: "To provide access to, and enhance the use of information worldwide, advancing understanding of human interactions in the environment and serving the needs of science and public and private decision-making." CIESIN efforts are directed toward making the data collected by U.S. government agencies, the scientific community, non-governmental organizations, and international governmental organizations available for widespread use in scientific research, public policy making and education. CIESIN established a facilities development task force in 1991 which selected firm of Smith, Hinchman & Grylls, Inc. (SH&G), to design its permanent Headquarters Facility and Research Center.
Project Description
The CIESIN facility will occupy 15 acres at the northern end of Ojibway Island along the Saginaw River in downtown Saginaw. The southern portion of the island is an urban park, the northern portion largely unused except for a river walk connecting the island to the mainland.
Editor's Note
Wc witivc our policy of not mentioning company names in this Value World article because SH&G is willing to share with our reader* (heir propcrtary environmental model that is described in llu* article
The building contains 170,000 gross square feet, 108,600 net, with a net to gross ratio of 64 percent. The building population is projected to be 300. A construction budget of $32,500,000, including $3,850,000 in site costs, has been established for the project with a $168 cost per gross square foot. The total project cost is $40,400,000 A variety of public and private spaces are included in the buildings. The public spaces for meetings, conferences and training are contained in the rotunda. The private spaces within the building contain office and work areas. Most of the interior is based on open office planning, with 10-foot ceilings and indirect lighting.
CIESIN established a list of fourteen qualities to be incorporated into the design of the facility. They wanted a world-class facility that would establish a new paradigm for design and use. It must also allow for flexibility of use and promote interaction.
The facility will make a bold architectural statement, incorporating timeless, enduring materials with innovative and cutting edge approaches in systems design.
CIESIN and the design value team held a series of interactive workshops during the pre-design phase to establish program, cost and quality models, and to apply value engineering principles to the decision-making process.
Using a software database developed by the deign team, the team was able to reconcile the cost, quality and program models to insure that balance between the three was achieved.
Sustainability Criteria
During the schematic design phase, sustainability criteria was over-laid on program, cost, and quality models. Extensive research was done to gain access to known information on sustainability. This included analysis of resource material, such as the AIA "Environmental Resource Guide" supplemented with data collected in a survey.
By using this material, the design team was able to "benchmark" its design criteria against particular features of other projects. 
Selected Design Features
Site and building design concepts, and facility system selections were influenced by the sustainability criteria, as well as cost, quality and program models.
Site. The orientation of the building was carefully chosen to optimize solar exposure and day lighting potential. The two office wings arc oriented to capture views across the Saginaw River, across adjacent Lake Linton and the park area to the aoulh.
A conscious decision was made to "tread lightly" «m the island by minimizing disturbance of the »ite during construction and use, and limiting pur king spaces.
Mature trees and pin tiling* will be preserved, while native plant specie* will be specified to the extent possible Meadow areas featuring native grasses will eovef mosi developed areas with very limited mowed lawn near lite building. No fertilizer* or irrigation syrtetm will he used. Storm water management is an important feature of the design I >ml«rgtmtml ttottn piping will be minimized oy grading ami Mml ing tile runoff to it detention pond and a f»toflllr*ik*i ANte This will purify the storm water and dlrevt il inlo lake Union Optimize daylight strategies In building.
Minimize "sunMghf (or Mai occupancy of Interna! heat load dominated use -but alio* for conversion in the future, it need be, to passive aolar heating strategy.
Orient particular outdoor spaces to receive morning, mid-day and afternoon light DMIJH facility fnr xolar Warm*.
Minimize solar surface build-up and penetration during cooling season.
Mow solar gain In appropriate locations in winter -both inside and outside building.
Oesiaa facility tor i»lar Entity.
Demonstrate photo-voltaic electric application on-site.
Design facility lo allow application of fuhire solar technologies.
Building Ecology «r sr*
We acknowledge that ths methods, materials and systems si oar buildings an tew a negative impact on ths health md mi-being ot their occupants...t/!eretor>. we commit to creafng the most healthy and lite-enhancing building and site possible.
Imam* krfeer Physical Eavtwamtni.
Document and Understand conventional sources oi Indoor Air Quality problems.
Establish CIESIN Facility as a smoke-frea environment.
oducaiional graphics about 1A0. issues and solutions.
Specify materiais to reduca toxic emissions and air pollutants.
Design to minimize impact from electro-magnetic fields (EMFs).
Specify equipment and systems and design acoustical environment to minimize noise pollution.
traarwa Irnfeor Caemitat Eavliwmtat.
Specify materials to minimize toxic effects fram chemical substances.
Encourage Food products which are organic, locally produced and preservative and pesticide free. Oratt ideal concepts for Service and Waste in New Facility.
Waste/Recycle
Involve and empower Staff in creating and implementing more intelligent work procedures towards elimination of "waste".
Uaaaratut City Solil Waita Pettctoa.
Work with City Solid Wasta Department staff to understand current and projected waste handling methods and procedures.
Wort together to create a transition pian for CIESIN service and wasta procedures which will serve as a model for the entire City. Architectural. The concept of sustainable architecture, sometimes referred to as "green" architecture is relatively new. To date there has been little consensus on guidelines, or even definition of terms.
The ASTM Subcommittee E-50.06 is in the final draft stages of formulating a standard for commercial "Green Buildings". Responsible architects need to take into account these standards and generally accepted principles of sustainability such as; energy conservation, recyclability, solid waste disposal and environmental impact when designing a facility.
Exterior Envelope.
Material and systems' selections were based upon the fourteen qualities established by the Task Force, sustainability criteria, and traditional criteria such as cost and aesthetics. Application of value analysis principles helped the team achieve a balance of all of the above. The following material and systems have been identified Brick cavity wall construction consists of face brick, 2-inch air space, air barrier, CMU backup insulation of R-19, vapor retarder and gypsum board interior finish. Curtain wall and window systems have fluorocarbon finish, high-performance insulating glazing (1-inch glass units, argon filled, tinted, with Low-E coating). Punched windows serve three purposes; upper unit with horizontal light shelf to bounce daylight into the facility; and lower vision units to permit outside views; and operable unit to allow natural ventilation. Natural rubble stone occurs at the building base. Copper sheets in flat seam pattern used as a siding material.
Brick and stone masonry are excellent choices because of their recyclability potential, elegant appearance and ability to be integrated into a thermally excellent wall. The exterior wall envelope described above, using R-19 insulation, greatly exceeds the ASHRAE allowable total R value for a building in the Saginaw area (U = 0.012 vs. 0.30 allowable).
Interior material and systems. Finish materials were selected and specified using the following criteria:
Avoid materials with volatile organic compound content, carcinogens, and off-gas toxins. Use recycled and recyclable materials where possible. Avoid non-renewable or endangered materials sources. Take advantage of embodied energy.
Mechanical
During the initial design stages specific selection criteria were established for the various systems. These include minimizing energy use, first cost/operating costs, reliability/ease of maintenance, environmental safety, ecological awareness and optimum indoor air quality.
Using this criteria, system alternatives were identified. A matrix was developed to evaluate the alternatives against the specific criteria. The major systems are summarized as follows:
Heating and cooling. The combination of directfired absorption chillers-boilers and stainless steel cooling towers allows for energy conservation, staging and unloading in off-peak hours. Direct digital controls provide maximum energy savings and efficient use of the cooling and heating equipment.
Absorption chillers-boilers use a water based solution as a medium instead of CFC or HCFC refrigerant. They do not pose the environmental threat that a refrigerant based compression chiller system poses. The system consists of several chillers which provide flexibility and stand-by redundancy. The system requires only natural gas input. Equipment will be centrally located. Stainless steel cooling towers provide a pleasing aesthetic feature on a prominent site and a long useful life-cycle.
Air side. High volume, low velocity air distribution and local temperature control provide excellent occupant comfort and indoor air quality.
Air is supplied from above the ceiling and returned below the raised access floor. Control is achieved through individual room and zone thermostats and humidistats connected to VAV boxes and fan coil units. Thermafusers provide VAV control of open spaces.
Indoor air quality will be enhanced by incorporation of anti-microbial pre-filters, stainless steel cooling coil casing and drain pans, final filters as the last element in the air handling unit, use of air monitors within the building and continuous monitoring of outside air.
Plumbing. Energy efficient low water consumption fixtures are specified. Domestic water heat exchangers utilize absorption-chiller heat.
Conclusion
Commitment to the process was mandatory to insure that the design satisfied the project objectives. The success of the CIESIN facility will result from a thorough understanding of goals and objectives, resolution of cost, program, value and quality parameters, and application of sustainability criteria.
At the beginning of the project, the facilities development task force stated that the facility should make a statement about CIESIN, its mission, and its people. Commitment to the process should make that goal a reality.
The reader will note that in this article more emphasis is given to process than to product. The reason is that the project value team feels very strongly in the process as a way of achieving an environmentally responsible approach to site and building design. The rigor of the process was develop using value analysis techniques and procedures.
Note: The CIESIN project was recently put on indefinite hold due to funding reductions at the sponsoring agency NASA.
John Flynn, AIA and Jeffrey Hausman, AIA are with Smith, Hinchman, and Grylls Associates, Inc., Engineers/Architrects, in Detroit, Michigan.
Value Brief
A Tale of Two Cities
This is really a tale of a city-owned utility and a county. The entities are the Orlando Utilities Commission and Orange County, both located in Central Florida.
The two entities are engaged in construction projects, which interestingly will materialize in structures that are 24 stories high. The Orlando Utilities Commission is completing the second electric power generating unit, referred to as Stanton II, at the Curtis H. Stanton Energy Center. We reported on the Center in the Special Energy Issue of the February 1995 Value World. Stanton II will be completed and come on-line with its customers six months ahead of schedule, April 1996 instead of January 1997. In addition, the project will be completed for $42 million less than the budgeted $$480 million.
The cost includes $96 million for scrubbing devices that dramatically reduce the amount of coal-generated pollutants, such as sulphur, that be released in the air by the generator.
The capacity of the Stanton Energy Center will exceed regular customer demand by more than 300 megawatts, which will allow the Orlando Utilities Commission to sell power to other utilities until its own customer load increases. This reduction in operating cost is passed on to the customers. Orlando Utilities Commission already enjoys the reputation of being the most affordable and most reliable utility..
In contrast Orange County has undertaken the construction of a new 24-story Courthouse, with a slipping schedule and escalating cost. Occupancy was originally scheduled for January 1997. The completion date has now slipped to at least July 1997. The original cost was estimated at $125 million It is now expected that the budget will be exceeded by at least $15 million.
We have no insight into the management practices at either of the two construction jobs and cannot explain the difference in schedule and cost performance.
We do know, however, that the General Manager of the Orlando Utilities Commission, Mr. Bob Haven, is a long-time supporter of VE. Do you think that this might account for the difference in performance?
Be it as it may, Stanton II will join Stanton I in showing that coal-generated electricity is a safe, environmentally benign and inexpensive alternative to oil-generated and nuclear-generated electric power.
The Importance of Value Engineering for Environmental Projects
Jill Woller, CVS
Environmental concerns have been growing within the consciousness of Americans over the past twenty-five years. With this awareness have come federal legislation judicial consent orders, and layers of regulatory oversight. State and local governments have either initiated or been directed to initiate actions to remediate or mitigate impairments. Sometimes they have tried to anticipate changing or evolving standards, but more often, they have been forced in a period of increasing fiscal constraints and the withdrawal of federal funding to respond to regulatory pressures with extensive and expensive capital programs.
The City of New York has experienced these same trends and pressures, but at a larger scale than most local governments. Because of their size and complexity, environmental projects in New York have been appropriate subjects for value engineering (VE) in the past three fiscal years (1993, 1994 and 1995) , the City of New York (NYC) VE Program has reviewed projects with an aggregated estimate of cost of $5 billion.
Of these amounts, the environmental projects represented 70 percent of the total cost. These projects fit the Office of Management and Budget (OMB) VE Program criteria of cost, complexity and technological sensitivity that determine which projects are candidates for full VE reviews in support of OMB's charter responsibility to approve all capital expenditures.
The projects have ranged from upgrades and expansions of water pollution control plants to combined sewer overflow facilities, from an environmental education and lab center to sludge management facilities and a water filtration plant. These projects are excellent subjects for VE for a number of reasons. They are dealing with technological solutions in a field where the state-ofthe art is anything but static.
Most governments prefer to build facilities where there is a widely accepted conventional approach with a proven track record and local familiarity with operational and maintenance requirements. With environmental projects designed to meet evolving regulations, this is not always possible.
NYC Department of Environmental Protection (DEP) has taken advantage of the VE Program's ability to bring in professionally certified VE facilitators, who follow the classical structured fivestep VE workshop format, and specialists in these emerging technologies to supplement their designers' expertise and to achieve a greater level of confidence in the resulting projects.
Because the OMB VE Program emphasizes the life cycle operations and maintenance impacts when reviewing capital projects, facility operators or plant superintendents, both from the city staff and from outside, are usually included on the team. They work together during a study to provide a reality check for any alternative systems process or equipment proposed, either by the project designers or by the VE team itself. VE has proven instrumental in identifying opportunities to reduce unnecessary costs, and has given DEP a forum to discuss more comprehensive approaches to watershed management. VE has also focused on the staging or phasing of complex environmental projects to assist DEP in minimizing operational disruptions during the construction of these facilities. Through examining these projects using VE, the City has been able to anticipate problems or risks early enough to resolve them during design, and has ensured that there is adequate consideration given to alternative ways to meet the projects' functional requirements.
Wherever DEP has had a particular area of concern or sensitivity relating to a project, the Vli team hns VALUE WORLD. Volume XVIII, Numbei 1. < Model I'M* been structured to include authoritative experts to address it. Areas such as water quality modeling and odor control have often been pivotal issues which have benefited from a point-counterpoint dialogue.
These projects are complicated and expensive. The public in general, and neighboring community groups in particular, often offer resistance to them. The City agencies make a considerable effort to be objective in the siting of these facilities and to meet with community groups to explain the facility's purpose. However each new project requires sensitivity to neighborhood concerns. In the course of NYC VE studies, these issues have been taken very seriously. Sometimes they are the impetus for VE ideas designed to shorten the construction period or to reduce the amount of area impacted by the project. Some VE team experts have been able to offer DEP the benefit of their experience in handling similar community pressures elsewhere. NYC's problems are usually not unique, just bigger, and we can and do learn from others.
Over the past dozen years since the NYC Office of Management and Budget initiated its VE Program, hundreds of millions of dollars have been saved on environmental projects in a combination of initial construction cost reductions, operations and maintenance savings and avoidance of foreseeable extra costs.
Annually these VE cost reductions typically average 10 to 15 percent or more of the projects' estimated cost while the studies themselves are measured in tenths of a percent. Non-monetary benefits include operational enhancements, better coordination during design and construction and remedying any project deficiencies.
As resources continue to shrink and regulations continue to grow, VE is becoming more indispensable to the City in its effort to keep water rates from rising steeply. Every project reviewed gets tangible benefits and the City gets cost effective assistance in cost and program management. They work together during a study to provide a reality check for any alternative systems process or equipment proposed, either by the project designers or by the VE team itself.
Frequently the City has found itself advancing several concurrent environmental initiatives, competing for scarce funding. VE has proven instrumental in identifying opportunities to reduce unnecessary costs, and has given DEP a forum to discuss more comprehensive approaches to watershed management. During the execution of the remedial construction project, the health and safety of the personnel at the site is of utmost concern. The project specific health and safety plan is one of the first documents to be produced and no work can occur at the site until this plan has been approved by the regulating agency and the client (or client's representative). During the execution of the work, a health and safety officer is assigned to the project to ensure that the work proceeds as specified. This person has the authority to stop work at the site if unsafe conditions appear or if a deviation to the plan occurs.
To protect the hazardous waste workers at the site, personal protection equipment (PPE) specified in the health and safety plan for the site conditions and contaminants is worn. As the work proceeds, the work areas are monitored and the health and safety plan updated to ensure that PPE being worn can handle the concentration levels and types of contamination that occur.
Unfortunately, the wearing of PPE has impacts to the costs of the project due to Productivity loss Cost of PPE, purchase and disposal Premium pay Additional personnel During the pre-mobilization period, or during the bidding period, alternative approaches are reviewed to reduce the level of PPE to be worn so that worker productivity impacts will be minimized.
The remedial contractor will try to have the on-site personnel wear the lowest level of PPE that still meets the requirements of the health and safety plan.
The impact due to wearing PPE and the associated costs will be discussed first. Then, examples of cost savings due to alternative engineered approaches to minimize these impacts will be shown.
PPE Impact
The different levels of safety and the PPE required are described below. Level of Safety Equipment B. Same as C, except with a self contained breathing apparatus.
Level of Safety
The loss of productivity due to wearing PPE is estimated for each job based on the activities involved, the air temperature, the contaminants being remediated and the schedule for completion. Typical productivity adjustment factors (1) are:
Productivity Adjustments
1.00 1.25 2.60 5.07
The adjustment factors are used to modify the productivity units or estimated time that the workers are expected to complete the activity under normal conditions. For example, an activity which would take a crew of 4 people 3 hours to complete (12 craft hours) under normal conditions, would take about 31 craft hours to complete wearing level C PPE an increase of 19 craft hours. As shown, increasing the level of protection almost doubles the productivity adjustment factor.
The PPE has a purchase and disposal cost associated with it. Based on several recent projects, the average cost per craft day for each level of protection is:
Cost per Craft Day $12.00 $25.00 $40.00
Many hazardous waste firms pay their workers additional wages for working with face protection (as required in Levels C, B, and A). This bonus can range from $2 per hour to 20 percent of the base salary. Many unions who supply craft labor also have this requirement.
When a crew is working at Level C or higher, additional personnel are required for the work. For' each activity, a person is assigned for a safety watch to raise an alarm if the workers are overcome by heat or contaminants or are injured during the activity. This additional person can watch anywhere from one to several people concurrently depending on the activity.
A crew working at Level C or higher may experience fatigue or heat exhaustion due to wearing the PPE thus limiting the time period that they can continually work. In order for eight hours of work to be completed within a day, two crews may be required, doubling the labor costs. The first crew will be working while the second crew is recovering from their work period. The recovering period may last up to several hours depending on the activity, the PPE worn and the weather conditions. The higher the heat index, the less time a crew can work and the longer the recovery period.
The successful contractor will try to work with the least level of PPE that is allowed for each activity due to these cost and productivity impacts. The following compares the costs for an activity that is completed wearing PPE at Level D and Level C. In this example, a contractor estimating this activity using Level C would have a $47,100 penalty in the bid as compared to working in Level D modified the entire period. In addition, the overall schedule would be 27 days longer (with the associated overhead costs).
However, due to safety requirements for the personnel, a contractor cannot unilaterally change the level of protection. Engineered controls and judgement are required to lower the PPE requirement. Cost alternative studies are performed during the bid period and prior to starting work on site to reduce the level of protection required for the workers while still maintaining the safe working environment.
Two examples of how a contractor may safely reduce the level of protection for the workers based on sound judgement follow.
Examples
Additional Ventilation and Control
Excavation and earthwork activities are usually covered with temporary structures to minimize the release of contaminants to the atmosphere. However, work inside the structure must proceed safely normally with protection levels B or C due to the dust created, the release of the contaminants from the soil, and the exhaust from the earthwork equipment.
Contractors will analyze different approaches to this work to minimize the PPE required. For example, a ventilation system may be added which will create a cleaner atmosphere in which the craft may work. This system will provide several changes of air per hour which will allow the work to continue in Level C instead of Level B (or maybe Level D). The cost of the ventilation system is offset by the savings in the impacts of the PPE. If in the earlier example, the ventilation system cost $25,000, the contractor would still have saved about $22,100 plus several days of overhead. The work area would be continuously monitored to ensure that the contamination in the air would allow the work to proceed in the lower level of PPE.
Initial Removal of the Contaminant
Often in hazardous waste work, only a portion of the area being remediated is contaminated. For example, in the demolition of a building, only the walls' surface may be contaminated. Rather than the entire project being conducted in a high level of protection, the contractor may remove the contamination during the first phase of the project and then complete the project at the lower level of protection. This approach may extend the schedule of the project (with additional overheads) which will be compared to the savings due to wearing the lower level of PPE.
Summary
Wearing PPE increases the costs of a hazardous waste remediation project. The safety of the workers is of utmost concern during the execution of the project and protocols must be followed. Successful contractors will specify an appropriate level of protection using engineering judgement and experience to tailor the levels of protection required to minimize these impacts. 
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Value Brief
Recycling Water in the Semiconductor Industry
Ultrapure water is a necessity in the manufacturing of semiconductor products. The production of a single wafer uses about 2,500 gallons of ultrapure water. Typical semiconductor plants consume up to five million gallons of ultrapure water a day.
The process of making ultrapure water is quite involved. It involves water softening, filtration, reverse osmosis, deionization, and finally exposure to ultraviolet light.
Economic and regulatory pressure is making recyclying of ultrapure water an equally important necessity.
Although, the Japanese have used recycled ultrapure water for some time, American manufacturers are now getting their feet wet.
The reclamation of used ultrapure water is even more complex than the purification of the original fluid. If not done properly the result can be disasterous to both products and processes.
The purification process begins with identifying the impurities that can be a host of organic and inorganic compounds.
For this reason, current emphasis is on sensor technology that can detect, localize, and identify contaminants in used ultrapure water. Knowing the contaminants that need to be removed, simplifies the development of purification methods and the actual purification process. 
Project Background
The Fultz Landfill Site Record of Decision was issued by the US Environmental Protection Agency, Region 5, in September 1991. The plan was intended to reduce risk to the Bayesville, Ohio, area public by direct contact and exposure to contaminated water sources, The present cost over the 30-year life was estimated at $19.4 million ($15.7 million first cost and $218,000 annual Operation and Maintenance). The State of Ohio EPA concurred with the selected remedy.
Major components of the selected remedy follow:
• Institutional controls to reduce exposure through legal restrictions.
• Site fence to reduce direct exposure to contamination.
• Alternate water supply for down-gradient wells if risk is attributed to site.
• Long term monitoring of air, surface and ground water, and leachate.
• Subsurface structural supports for mine voids -to prevent cap damage and reduce bedrock fracturing between landfill and deep aquifer.
• Surface water and sediment control.
...
• Berm and multi layer cap to reduce infiltration, ' prevent erosion and reduce risk from direct contact with contaminates.
• Leachate collection system of 2 gallons per minute.
• Extraction well system for intercepting contaminated groundwater in the shallow aquifer migrating into the deep coal mine aquifer.
• On-site water treatment to treat six million gallons of contaminated groundwater annually and leachate.
• Discharge permit for treated water discharge to surface streams.
• Wetland replacement to restore ponds and habitat disturbed by remedial action.
Preliminary Remedial Plan
The consultant's preliminary remedial design draft report defined the work features to remedy the 30 acre landfill site. Supported by geotechnical and preliminary level design investigations, the contractor was able to significantly redefine project features while maintaining full technical compliance with the Record of Decision (ROD). A modified multi-layer Resource Conservation and Recovery Act, Subtitle C, compliant cap was configured to cover the site. A plan for stabilization of coal mine voids for subsidence by injecting grout pillars was formed. Treatment alternatives for groundwater and leachate were developed to include storage tanks and monitoring, and hauling to existing municipal treatment facilities.
The preliminary capital cost estimate was reduced to $8.2 million, significantly below the $15.7 estimate from the ROD.
Value Engineering Plan
The major cost items were identified so the VE team could focus attention on them. Cost models were made of general items of work and were further broken down into components. For example, the landfill cap of $7.1 million was comprised of select fill materials ($1.2 million), sheetpile ($1.0 million), gravel drainage layer ($.9 million), geosynthetic clay liner ($.9 million), geotextile layer ($.8 million), gas collection ($.6 million), polyethylene liner ($.6 million), top soil ($.5 million), engineered base ($.3 million), seeding ($.07 million), and grading ($.03 million).
The VE team produced 6 major proposals with some ideas competing or offering different alternatives for designers to eliminate or substitute items. Two polyethylene liners were suggested to insure sloped site conditions could be met, and two methods for eliminating sheetpile retaining walls were developed. The original total costs savings were $2,238,979 when adjusted for competing proposals.
The VE study further documented the superior technical performance of geosynthetic clay liner over traditional 24-inch thick clay layers, and eliminated gravel drainage and base bedding layers by using a composite geotextile fabricgeonet drainage with the polyethylene liner and geosynthetic clay liner.
The revised cap section was reduced from 6.5 feet to approximately 32 inches thick. Speed of construction will result from use of new materials, and the landfill cap will be lighter weight thereby reducing loading on mining voids. The thinner cap section effectively eliminated grout pillars and all retaining walls.
Groundwater and leachate storage were separated using two independent tanks. Gas collection was modified with smaller diameter piping, but retained future active extraction capabilities. The VE study report followed with an in-depth formal technical presentation supported by Omaha District and the consultant. This interface influenced the Ohio EPA to concur with landfill cap modifications using enhanced geotextilesgeosynthetics.
Project performance and execution were improved, and savings based on completed final design were realized for the following proposals:
• Revised landfill cap section: Saving of $910,000.
• Elimination of retaining wall systems: Saving of $498,000
• Separate groundwater and leachate storage tanks: No saving, but enhanced operations and monitoring
• Modifications to gas collection: Saving of $66,960
Final design changes resulted in a total of $1.48 million in project savings which are in addition to cost avoidance of approximately $7.5 million made by the consultant in the preliminary design.
Team members were able to affect these significant changes for a tightly regulated program and a preliminary design which was already 60 percent completed. He assesses the strengths and weaknesses of arguments propounding the seriousness of these calamities. All the while, he never allows us to lose sight of the profound shortcomings of scientific prediction.
The book is an illuminating and entertaining work that bestows on us the wisdom to make informed judgments before taking arms against a sea of trouble. We recommend The Heavens Are Falling as a worthwhile addition to the risk management bookshelf of value practitioners.
Risk Assessment Methods Approaches for Assessing Health and Environmental Risks
Vincent T. Covello and Miley W. Merkhofer, Plenum Press, 1993
The authors have brought together in one book a wide range of risk assessment methods for describing and quantifying health and environmental risks. Drs. Covello and Merkhofer propose a generalized way of thinking about risk and risk assessment, and introduce terms, definitions, and concepts to clarify the similar aspects and relationships among the wide-ranging methods.
The framework used throughout the book provides:
• Scarred by numerous battles over the years, I do not fall easy prey to those on the other side of the desk or table.
I know about the big-pot ploy, offering less than you are willing to concede; asking for more than you are willing to take.
I know about letting sunlight stream into the eyes of those across the table while sitting in relative comfort myself.
I know about negotiating on home turf when my position is strong, off-site when my position is weak.
I know about changing negotiators to confuse the opposition on long drawn out processes.
I know about assigning fellow negotiators who have only limited authority to make on the spot decisions.
I have brought used car salesmen to their knees in completing an agreement during the last snowy day in January.
I have impressed Pitt University students with my negotiating strategy acumen.
I've learned something about myself. Usually this occurs when the party I am dealing with is cloaked in innocence, youth or in their senior years; or you just plain like them.
Essentially, they are vulnerable and void of power, except the power of having no power.
There is a quality of having no power that often disarms the opposition; something you might want to consider in your every day dealing with people.
Here is a case in point.
I followed up on a newspaper ad for an almost new hunting rifle for which the suggested price was publicly stated.
On the trip over, I speculated what my counter offer would be, providing the condition of the article was as stated.
Imagine my surprise to find that the seller, also the owner, was a twelve year old farm boy with freckles and a friendly dog. Having purchased the rifle just weeks before, he wanted to change over to a model similar to his brothers.
Can you guess how much dough this thriving industrial executive shaved off the asking price?
Sure wish my grandson, now four years old, had been there to even things up.
And on and on.
Not that I either recommend or use all of these tactics as a rule.
And yet armed with this knowledge and skill, there are occasions, when to put it mildly, I am had, but badly. 
